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Abstract Evaluation of the impact of a catastrophic disturbance on biodiversity is often difficult
due to a lack of sufficient quantitative data on biological communities prior to the disturbance.
Since 2001, we have been monitoring the abundance and biomass of seagrass and its associated
animal community along the Andaman Sea coast of Thailand, an area that was hit by a tsunami
originating in the Indian Ocean on Dec. 26, 2004.  To quantitatively evaluate the effects of the
disturbance on the biodiversity of the seagrass community we carried out a comparative analysis of
seagrass species diversity and abundance based on pre-/post-disturbance data at several seagrass
beds at Kuraburi, northern Phang-nga (most-affected region) and Trang (less-affected region).
Species diversity, coverage and biomass of seagrass declined greatly after the tsunami at one
seagrass bed (Thung Nang Dam) in Kuraburi.  The effect of the tsunami was less obvious at two
other beds a few kilometers away from Thung Nang Dam, and at the seagrass beds in Haad Chao
Mai National Park in Trang (located ca. 200km south of Kuraburi), where temporal change before
and after the tsunami was the least obvious.  A steady decline in biomass was observed in the three
seagrass beds that had not been severely affected by the tsunami, possibly associated with other
types of disturbance such as river discharge.  Analyses revealed that the effect of the tsunami on
seagrass ecosystems was highly variable even on small spatial scales, and that other factors causing
disturbance to the seagrass beds are important factors of the observed temporal variation. 
Key words:  Biomass, Physical disturbance, Seagrass, Silt-clay content, Species richness,
Temporal change
Introduction
Seagrass beds are a major component in coastal ecosystems, supporting high productivity and
biodiversity (Duarte and Chiscano, 1999; Hemminga and Duarte, 2000; Williams and Heck, 2001;
Nakaoka, 2005).  Despite their importance, seagrass beds are declining rapidly due to a variety of
natural and human-induced disturbances (Fortes, 1988; Short and Wyllie-Echeverria, 1996; Duarte,
2002).  As seagrass beds can only exist in areas with soft bottom sediments, changes in bottom
topography affect distribution and productivity.  Sediment environment can be modified by various
processes such as wave disturbance due to heavy storms such as cyclones and monsoons (Preen et al.,
1995), dune migration caused by dominant coastal current (Marbà and Duarte, 1995), and siltation due
to massive sediment discharge from rivers (Terrados et al., 1997; Bach et al., 1998). 
The tsunami that hit the coastal areas of the Indian Ocean on Dec. 26, 2004, was the source of
catastrophic disturbance to coastal ecosystems and human societies along southeastern Asia shores
(Adger et al., 2005; Buero, 2005).  However, its impact on seagrass ecosystems along the Andaman
Sea coast of Thailand was highly variable among seagrass beds.  Seagrass beds in Kuraburi, northern
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Pang-nga, were greatly affected, whereas those in Haad Chao Mai National Park, Trang, received little
impact (Department of Marine and Coastal Resources, 2005).  Since 2001, we have been monitoring
abundance and biomass of seagrass and the associated animal community in sites along the Andaman
Sea coast, which has given us a rare opportunity to quantitatively evaluate the effects of the tsunami
disturbance on the biodiversity of seagrass beds. 
The aim of the present paper is to examine the impact of the tsunami on species composition,
species diversity and the abundance of seagrass by comparing these variables before and after the
tsunami.  We conducted a series of quantitative censuses at six sites (five seagrass beds) in two regions
along the Andaman Sea coast of Thailand that were affected to different degrees by the tsunami.  To
understand the appropriate spatial scale at which the tsunami impacts vary, the comparisons were
made at two spatial scales: (1) among two regions (Kuraburi and Trang) that are separated by 200 km,
and (2) among seagrass beds within a river-watershed system (Kuraburi) separated by 1-10 km.
Material and Methods
Study sites
Quantitative census of the seagrass beds began in 2001 in two regions (Trang and Kuraburi) along
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Fig. 1. Study sites along the Andaman Sea coast of Thailand.
the Andaman Sea coast of Thailand (southwestern Thailand), where many seagrass beds with rich flora
have been described (Lewmanomont et al., 1996; Poovachiranon, 2000) (Fig. 1).  
In Trang, seagrass beds occur along the coastline of the Haad Chao Mai National Park.  A
seagrass bed (Laem Yong Lam) located in the northern part of the park, between Muk Island and the
mainland, is known as the largest seagrass bed (ca. 18 km2) along the Andaman Sea coast of Thailand
(Lewmanomont and Supanwanid, 2000; Nakaoka and Supanwanid, 2000).  Two sampling sites were
established at this seagrass bed: the shallower station (Stn. T1) was located with in the intertidal zone,
and the deeper station (Stn. T2) nearer the mean low water level.  These two sites were separated by a
distances of 1 km.  This area has no major river systems, and is thus considered to be the least
impacted by terrestrial and riverine inputs (Nakaoka and Supanwanid, 2000; Nakaoka et al., 2004).  In
the southern parts of the park, some beds are found at the mouth of Trang River, one of the largest
rivers in southern Thailand.  One seagrass bed located between Talibong Island and the mainland was
chosen for the monitoring site (Stn. T3) where the greatest influence of river discharge was expected
(Nakaoka et al., 2004). 
In Kuraburi, seagrass beds occur at the mouth of the Khula River.  This river is relatively small
compared to the Trang River, and thus the seagrass beds in this area are considered to be only medially
affected by river discharge (Nakaoka et al., 2004).  Three isolated seagrass beds at Ko Chong (Stn.
K1), Mai Hang (Stn. K2) and Thung Nang Dam (Stn. K3) were chosen as sampling sites. Stn. K1
located at the innermost part, Stn. K2 at the southwestern part, and Stn. K3 at the northeastern part of
the river mouth. 
Field census
Silt-clay content in the sediments was measured in 2001 at the six sites, at Stns. K3, T1 and T2 in
2005, and at Stns. K1, K2 and T3 in 2006.  Sediment samples were collected using a 25 cm-length
plastic corer with a 5 cm internal diameter.  After drying at 105℃ for more than 24 hours, weight was
measured.  The silt-clay content was obtained by washing the sediment carefully with running water
through a 63 μm-mesh sieve.  The samples were dried again under the same conditions and re-
weighed.  The difference of weights before and after sieving was calculated as the content of silt-clay
in the sediment.
The quantitative census of seagrass species composition and biomass at each seagrass bed were
carried out in January and December 2001, December 2002 and December 2003 before the tsunami,
and between February and March in both 2005 and 2006 after the tsunami.  All the censuses were
carried out during the dry season (between December and March) when the seagrass community was
stable compared to the rainy season (between May and October) (Aryuthaka, C. and Tanaka Y.,
personal observations).  At each station, a sampling plot of 60-100 ha was established.  Three to five
parallel transects of 100m in length were first set perpendicular to the shoreline at intervals of 25m.
Along each transect, five sampling points were set at interval of 25m.  As the result, a grid consisting
of 15-25 sampling points was established at each station (three to five points parallel to the shoreline,
times five points along the depth gradient).  At each point three to five 0.5 x 0.5m quadrats were
randomly placed.
Species composition of seagrass and ranked estimates of aboveground biomass of each seagrass
species were recorded for each quadrat by one of 2-5 observers.  Biomass estimates were made with
rapid visuals to minimize disturbances to the seagrass beds and time loss caused by seagrass collection
at numerous points (Mellors, 1991; Nakaoka and Supanwanid, 2000).  Seagrass biomass within each
quadrat was ranked between 0 and 10.  Later the rank of each observer was converted to biomass by
the following process.  After the census, 8-15 quadrats of the equal size were placed at a typical
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position of each station covering the full range of biomass observed during the survey (calibration
quadrats), and all observers ranked the seagrass biomass in these quadrats.  The aboveground part of
the seagrass in each quadrat was then harvested, sorted to species level and dried at 60℃ until it
reached a constant weight, and measured on an electrical balance to the nearest 0.01g.  Rank estimates
were converted to biomass by calculating a regression equation between actual aboveground biomass
of seagrass and ranks for each observer.  The data were fitted by an allometric equation (Y = aXb where
Y is aboveground biomass, X is rank, a and b are regression coefficients) because this equation gave
better fits than a linear equation (Y = aX + b) (Nakaoka and Supanwanid, 2000).  Data on biomass
estimates of each seagrass species per quadrat were averaged for each sampling point, and further
averaged for each site.
Results
Visual observation of seagrass vegetation in Kuraburi before and after the tsunami revealed that
the seagrass bed in Thung Nang Dam (Stn. K3) received the most severe sediment disturbance, where
almost all the seagrass vegetation disappeared after the tsunami.  Before the tsunami, the seagrass bed
at this site was found between the mainland and the sand dune (Fig. 1), most of the sand dune also
disappeared after the tsunami.  The seagrass bed in Mai Hang (Stn. K2) was moderately disturbed.
Here, new gaps between plants were observed that were made by sediment deposition and erosion.
The disturbance in Ko Chong (Stn. K1) was minor, no apparent changes in bottom topography were
observed between 2001 and 2005.  At Trang, we did not discern major topographical changes in
sediment at the seagrass beds where our sampling sites (Stns. T1, T2 and T3) were located.
Silt-clay content of the sediment varied greatly among the sites (Fig. 2).  In 2001, the silt-clay
content was greatest in the sediments of Stn.T3, followed by those at the three stations in Kuraburi
(Stns. K1, K2 and K3), and lowest in the two stations in Laem Yong Lam (Stns. T1 and T2).
Temporal change in sediment type was most pronounced at Stn. K3 where the silt-clay content in 2005
was 20% of what it was in 2001 (t-test; t=4.20, p=0.01).  In contrast, silt-clay content significantly
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Fig. 2. Temporal variation in silt-clay content (% + SD) of the sediment at the six research
sites in Kuraburi and Trang between 2001 (01) and 2005 (05) or 2006 (06).
increased from 2001 to 2005 in Stn. T2 (t-test; t=4.28, p<0.01).  In other sites, it did not vary
significantly before and after the tsunami (t-test; t=0.22, p=0.84 for Stn. K1, t=0.44, p=0.68 for Stn.
K2, t=0.71, p=0.50 for Stn. T1 and t=0.08, p=0.94 for Stn. T3).
A total of nine seagrass species were observed at the six stations during the census conducted
between 2001 and 2006 (Table 1).  The number of seagrass species and their composition varied
greatly among regions and sites.  In Kuraburi, three species were found at Stn. K1, seven at Stn. K2
and six at Stn. K3, and in Trang, four species were found at Stn. T1, eight at Stn. T2 and three at Stn.
T3. Enhalus acoroides and Halophila ovalis occurred in all sites including those with low species
richness (e.g. Stns. K1 and T3), whereas distribution of mid-sized species, such as Halodule uninervis,
Cymodocea rotundata and C. serrulata was restricted to seagrass beds with high species richness (e.g.
Stns. K2, K3, T1 and T2).  Thalassia hemprichii did not occur in the three seagrass beds in Kuraburi.
Halophila beccarii was found only at Stn. K1. Species richness and species composition of seagrass
did not differ before and after the tsunami in most sites except Stn. K3 where only one species
(Halophila ovalis) was found in 2005 and no species 2006.
Coverage of seagrass, represented by the percent of occurrence among 15-25 sampling points of
each site, was stable over time at the three stations in Trang, and at Stn. K2 in Kuraburi (Fig. 3a, 3b).
The coverage decreased greatly at Stn. K1 between 2002 and 2005, but it remained the same level
between 2005 and 2006.  At Stn. K3, the coverage dropped to zero in 2005 and it did not recover in
2006.  Correlation between coverage and time was significantly negative for Stn. K3 (Pearson's
correlation coefficient, r=0.925, p=0.02), positive for Stn. K2 (r=0.937, p=0.02), and not significant for
the other four stations (r=0.86, p=0.06 for Stn. K1, r=0.82, p=0.09 for Stn. T1 and r=0.69, p=0.19 for
Stn. T2 and r=0.16, p=0.79 for Stn. T3).
Biomass of seagrass varied greatly among sites and among years, with the highest density
consistently recorded at Stn. T2 (72-129g dry weight m-2).  Patterns of temporal changes in seagrass
biomass also varied among regions and sites (Fig. 3c, 3d).  At Stn. K3, biomass dropped to zero in
2005 and did not increase in 2006.  Negative correlation between biomass and time was detected at
Stns. K3 and T2 (Pearson's correlation coefficient, r=0.97, p<0.01 for Stn. K3 and r=0.93, p=0.02 for
Stn. T2).  Biomass tended to decrease with time in Stns. K1 and T3 although the correlation was only
marginally significant (r=0.84, p= 0.08 for Stn. K1 and r=0.84, p=0.08 for Stn. T3).  A temporal
pattern in biomass was not obvious at Stn. K2 (r=0.54, p=0.35) and Stn. T1 (r=0.14, p=0.82).
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Table 1. Seagrass species composition at six seagrass beds along the Andaman Sea coast of Thailand recorded
between 2001 and 2006. 
Discussion
The present study revealed that species diversity and abundance of seagrass varied greatly among
seagrass beds in different regions and sites, and that the patterns of temporal changes also varied
among sites.  Before the tsunami, species richness, coverage and the average biomass of seagrass were
lowest at Stn. K1 in Kuraburi and at Stn. T3 in Trang.  Compared to the other sites these two seagrass
beds are locate closer to river mouths (Khula River and Trang River, respectively), and are thus
considered to be greater influenced by terrestrial runoff and river discharge (Nakaoka et al., 2004).
Siltation due to river discharge and a decrease in water transparency due to sediment re-suspension are
commonly observed at river mouths and the resulting decrease in light is considered unfavorable for
seagrass survival and growth (Tanaka and Nakaoka, 2006).  It is likely that lower diversity and
biomass at Stns. K1 and T3 are related to the poor environmental conditions.  Terrados et al. (1998)
conducted large-scale comparisons of seagrass beds in the Philippines and Thailand, and concluded
similarly that species diversity and biomass of seagrass were lower in seagrass beds with high siltation.
These findings suggest that input of terrestrial-derived matter via rivers has large negative impact on
seagrass communities.
Pattern of temporal changes in diversity and abundance of seagrass before and after the tsunami
varied greatly among regions and among sites within regions.  The drastic decline in species richness,
coverage and biomass was observed at Stn. K3 where almost all areas of seagrass vegetation
disappeared due to strong physical disturbance caused by the tsunami that changed the topography of
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Fig. 3. Temporal changes in seagrass coverage (a, b) and biomass (c, d) at the six research sites in
Kuraburi and Trang from 2001 to 2006.
the sand dune.  At this station, silt-clay content dropped significantly between 2001 and 2005 due to
the deposition of sand from the surrounding dunes where the sediment grain size was coarser than that
in the seagrass bed.  Measurement of water depth and the sediment profile suggests that the seagrass
bed was buried under more than 50cm of new sediment (Miyajima, T., personal communication).
Ability to tolerate sediment deposition varies among tropical seagrass species as evidenced by
experimental burial (Duarte et al., 1997).  The sediment burial at Stn. K3 was considered to be too
deep for any of the six species found there to survive, and this led to the disappearance of the seagrass
vegetation at this station.
During the research period significant decreases in coverage and biomass, or its tendency was
observed in sites other than Stn. K3, e.g. Stns. K1, T2 and T3.  The decline is unlikely related to the
direct disturbance by the tsunami because noticeable differences in topography or depth profiles were
not found in these seagrass beds during the survey conducted after the tsunami by ourselves and others
(Department of Marine and Coastal Resources, 2005).  The temporal change in these sites is more
likely related to other types of disturbances.  At Stns. K1 and T3, siltation and light attenuation
associated with river discharge is thought to have had a destabilizing effect on the seagrass beds.  At
Stn. T2, silt-clay content increased significantly from 2001 to 2005.  However, it remains unknown
whether the change in silt-clay content was related to change in seagrass biomass at this site.
In conclusion, the present study reveals that temporal changes in species diversity and abundance
of seagrass are highly variable among regions and even among seagrass beds within each region, and
that the impact of the tsunami was different on different sites, even in the same region.  Significant
temporal change in seagrass abundance was observed not only at sites that received severe disturbance
of the tsunami (e.g., Stn. K3), but also at other sites with less effects of the tsunami, suggesting that
other factors causing disturbance to the seagrass beds, such as river discharge and strong waves caused
by monsoons, are also important for the temporal variation.  Continued monitoring of these seagrass
beds is underway to reveal the subsequent recovery processes in seagrass ecosystems and the
interactions of different types of disturbances, i.e., catastrophic, long-term natural and human-induced
disturbances.
Acknowledgements
We wish to thank Khanjanapaj Lewmanomont, Chatcharee Supanwanid, Sompoch Nimsantichareon and Isao
Koike for invaluable support in various aspects of this research project.  We are also grateful to Yaowaluk
Monthum, Tippamas Srisombat, Suwat Pleumarom, Napakhwan Whanpetch, Naoko Kouchi, Toshio Minamide,
Yu Umezawa, Masako Watanabe, Takehisa Yamakita, and the staff in Ranong Coastal Resource Research Station,
Kasetsart University and Marine National Park Education Center, Thailand for field and laboratory assistance.
This paper is supported by the grants from Japan Society for the Promotion of Science (Nos. 11740425,
16405007). 
References
Adger, W. N., Hughes, T. P., Folke, C., Carpenter, S. R. and Rockstrom, J. 2005. Social-ecological resilience to
coastal disasters.  Science, 309, 1036-1039.
Bach, S. S., Borum, J., Fortes, M. D. and Duarte, C. M. 1998. Species composition and plant performance of
mixed seagrass beds along a siltation gradient at Cape Bolinao, the Philippines. Marine Ecology Progress
Series, 174, 247-256.
Bueno, P. B. 2005.  Impacts of Tsunami on Fisheries, Coastal Resources and Human Environment in Thailand.
Network of Aquaculture Centres in Asia-Pacific, Bangkok, 28 pp. 
Department of Marine and Coastal Resources, 2005. Rapid Assessment of the Tsunami Impact on Marine
Resources in the Andaman Sea, Thailand. Phuket Marine Biological Center, Phuket, 76 pp.
Duarte, C. M. 2002. The future of seagrass meadows. Environment Conservation, 29, 192-206.
TSUNAMI IMPACTS on SEAGRASS BEDS 55
Duarte, C. M. and Chiscano, C. L. 1999. Seagrass biomass and production: a reassessment. Aquatic Botany, 65,
159-174.
Duarte, C. M., Terrados, J., Agawin, N. S. R., Fortes, M. D., Bach S. and Kenworthy, W. J. 1997. Response of a
mixed Philippine seagrass meadow to experimental burial. Marine Ecology Progress Series, 147, 285-294.
Fortes, M. D. 1988. Mangrove and seagrass beds of East Asia: habitats under stress. Ambio 17, 207-213.
Hemminga, M. A. and Duarte, C. M. 2000. Seagrass Ecology. Cambridge University Press, Cambridge, 298 pp.
Lewmanomont, K., Deetae, S. and Shimanobhas, V. 1996.  Seagrasses of Thailand.  In, Kuo, J., Phillips, R. C.,
Walker, D. I. and Kirkman, H. (eds.)  Seagrass Biology: Proceedings of an International Workshop, Rottenest
Island, Western Australia, 25-29 January 1996, Faculty of Science, The University of Western Australia,
Nedlands, pp. 21-26.
Lewmanomont, K. and Supanwanid, C. 2000.  Species composition of seagrasses at Haad Chao Mai National
Park, Trang Province, Thailand.  Kasetsart University Fishery Research Bulletin, 22, 1-9. 
Marbà, N. and Duarte, C. M. 1995. Coupling of seagrass (Cymodocea nodosa) patch dynamics to subaqueous dune
migration. Journal of Ecology, 83, 381-389.
Mellors, J. E. 1991.  An evaluation of a rapid visual technique for estimating seagrass biomass.  Aquatic Botany,
42, 67-73.
Nakaoka, M. 2005. Plant-animal interactions in seagrass beds: ongoing and future challenges for understanding
population and community dynamics. Population Ecology, 47, 167-177.
Nakaoka, M. and Supanwanid, C. 2000. Quantitative estimation of the distribution and biomass of seagrass at
Haad Chao Mai National Park, Trang Province, Thailand.  Kasetsart University Fishery Research Bulletin,
22, 10-22.
Nakaoka, M., Tanaka, Y. and Watanabe, M. 2004. Species diversity and abundance of seagrasses in southwestern
Thailand under different influence of river discharge. Coastal Marine Science, 29, 75-80.
Poovachiranon, S. 2000. Species composition and their depth distribution of seagrass beds along the Andaman Sea
coast of Thailand.  Biologia Marina Mediterranea 7, 412-416.
Preen, A. R., Long, W. J. L. and Coles, R. G. 1995. Food and cyclone related loss, and partial recovery, of more
than 1000 km2 of seagrass in Hervey Bay, Queensland, Australia. Aquatic Botany, 52, 3-17.
Short, F. T. and Wyllie-Echeverria, S. 1996. Natural and human-induced disturbance of seagrasses. Environment
Conservation, 23, 17-27.
Tanaka, Y. and Nakaoka, M. 2006. Morphological variation of tropical seagrasses, Cymodocea serrulata and C.
rotundata in response to sediment condition and light attenuation. Botanica Marina, 49, 365-371.
Terrados, J., Duarte, C. M., Fortes, M. D., Borum, J., Agawin, N. S. R., Bach, S., Thampanya, U., Kamp-Nielsen,
L., Kenworthy, W. J., Geertz-Hansen, O. and Vermaat. J. 1998. Changes in community structure and biomass
of seagrass communities along gradients of siltation in SE Asia. Estuarine, Coastal and Shelf Science, 46,
757-768.
Williams, S. L. and Heck, K. L. Jr, 2001. Seagrass community ecology. In, Bertness, M. D., Gainess, S. D. and
Hay, M. E. (eds.) Marine Community Ecology, Sinauer, Sunderland, pp. 317-337.
M NAKAOKA, Y. TANAKA, H. MUKAI, T. SUZUKI and C. ARYUTHAKA56
